T HE Mini-Mental State Exam (MMSE) is the brief mental status instrument most widely used in the assessment of patients with dementia (1) . Despite its brevity, the MMSE has generally been shown to be a valid instrument in detecting cognitive impairment (2) , although several studies (3) (4) (5) have found that age and educational attainment are important to consider in using the MMSE for diagnostic purposes. Once educational attainment and impairment in activities of daily living are taken into account, the MMSE has similar sensitivity and specificity in detecting dementia in White and African American populations (4, 5) . This issue is of particular importance given that elderly African Americans are more likely to have lower educational attainment.
Whether race and educational attainment affect the validity of the MMSE in gauging the severity of dementia among patients who have already received diagnoses of AD or other dementias is unknown. While it is possible that education bias effects occur throughout the range of the MMSE, among patients who are already diagnosed with dementia, this education and/or race bias might be minimal. Simple items on the MMSE, such as naming of common objects, are unlikely to have significant racial or educational biases.
In general, previous research shows moderately strong relationships between MMSE scores and activities of daily living (ADL) and instrumental activities of daily living (IADL) performance, with poorer functioning in patients with lower MMSEs (6,7). The relationship of MMSE to behavioral problems is less consistent; some studies suggest that certain behavioral problems decrease in later dementia, attenuating any correlation of MMSE and behavioral problems (8, 9) . Behavioral problems may also be somewhat prone to biases in caregiver report (10) .
The present investigation was aimed at assessing the usefulness of the MMSE in predicting functional impairment in a population already diagnosed with AD and other dementias. Through hierarchical regression analyses we assessed the degree to which MMSE score was predictive of functional impairment after controlling for patient age, education, and race, as well as caregiver education. We also assessed the degree to which the association between MMSE score and functional impairment differed according to race by exploring race by MMSE interactions within the regression analyses.
METHOD

Subjects
Subjects were drawn from the full sample of patients (N = 197) recruited through the UAB Memory Disorders Clinic as part of a larger, ongoing project that focuses on stress and coping in African American and White caregiving families (11) . All patients were evaluated by a neurologist M186 FORD ETAL.
(LEH) knowledgeable in the diagnosis of dementia. Treatable etiologies of dementia were eliminated by performing cranial imaging with either CAT scan or MRI and through laboratory testing including CBC, blood chemistries, thyroid panel, Vitamin B 12 and folate levels, and VDRL (Venereal Disease Research Laboratory). The diagnoses of probable and possible Alzheimer's disease were based on NINCDS-ADRDA criteria (12) , while the diagnoses of other dementias were based on standard neurological criteria. Those patients with missing MMSE or educational data were deleted, leaving the resultant sample of 59 African American and 112 White patients utilized in all analyses. Within these populations, 86% of African Americans and 95% of Whites were diagnosed with probable AD. The 14% of African Americans not diagnosed with probable AD were diagnosed with the following dementias: 2 -possible AD; 2 -frontal lobe dementia/Pick's disease; 2 -mixed multiinfarct dementia (MID) and AD; 1 -MID; 1 -cortical basilar degeneration. The 5% of Whites not diagnosed with probable AD were diagnosed with the following dementias: 1 -possible AD; 1 -AD/Parkinson's disease; 1 -Pick's disease; 1 -diffuse Lewy Body Disease; 1 -MID.
Measures and Procedure
Clinic neurologists conducted all of these assessments with the MMSE, which ranges from 0 to 30, with lower scores indicating worse cognitive functioning.
The ADL Scale (13) assesses a patient's need for assistance on six basic self-care activities, including bathing and dressing. The IADL Scale (14) includes eight specific higher order activities, such as using the telephone or traveling independently. Items on both the ADL and IADL scales range from 1 to 4, with 1 indicating no impairment and 4 indicating most severe impairment. The Memory and Behavior Problems Checklist [MBPC (15) ] is a 30-item instrument which assesses the frequency of occurrence of memory and behavior problems exhibited by the patient during the past week, such as asking repetitive questions and wandering. Items were scaled from 0 to 3, with 0 indicating nonoccurrence of the problem, and 3 indicating occurrence of the problem on a daily basis or more often. The ADL, IADL, and MBPC, and patient age, education, and race, along with caregiver education were all assessed through caregiver report.
The data were analyzed using separate hierarchical multiple regressions for ADL, IADL, and MBPC scores. Patient variables (age, education, and race) were entered in the first step, followed by caregiver educational level in the second step. MMSE score was entered in the third step. Finally, the interaction of MMSE score and race was entered in the final step to test whether the relationship between MMSE score and impairment is moderated by race.
RESULTS
Characteristics of the Sample
The characteristics of these patients are presented by race in Table 1 , which reveals that patients do not differ according to race on any of the following variables: age, duration of memory loss, MMSE score, ADL, IADL, or MBPC. Patients also do not differ significantly accordingly to race on . Caregivers, however, did not differ by race on education. Characteristics of the caregiver population are given in detail in a previous publication from this project (11). Table 2 presents the results of the hierarchical regression analyses for the ADL, IADL, and MBPC. For ADL and IADL scores the only patient or caregiver background variable in steps one and two to account for significant variability (less than 5%) was age, with greater age associated with worse impairment on the ADL and IADL. In the third step, with the effects of patient age, education, and race, along with caregiver education controlled, MMSE score accounted for significant and substantial increments of variance in ADL (40%) and IADL (29%) scores. Finally, no significant race by MMSE interaction effect was found for ADL or IADL scores, suggesting that lower levels of cognitive functioning on the MMSE were associated with greater functional impairment on the ADL and IADL for both African American and White patients.
Hierarchical Regression Analyses
On the MBPC, age was again the only significant demographic variable, but given that the overall step was not significant, this finding should be interpreted with caution. MMSE scores again accounted for a significant proportion of the variability in MBPC scores, although accounting for less than half the variability in MBPC scores (13%) relative to ADL and I ADL scores. Finally, in contrast to ADL and I ADL scores, the predictive relationship for MMSE scores was found to differ for African American and White patients, although this final step accounted for only 2% of the variability. Analysis of this interaction effect revealed that among White patients, declining levels of cognitive functioning were associated with increased memory and behavior problems [p = -.50, /(1,107) = 5.83, p < .001]. In contrast, among African American patients there was no significant association between cognitive functioning and level of memory and behavior problems (B = -.15, n.s.).
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DISCUSSION
The results of this study suggest that scores on the MMSE correlate to the degree of functional impairment in patients already diagnosed with AD and other dementias, regardless of race or education. Thus, the MMSE could be useful in both clinical and research settings to estimate the severity of dementia, without adjusting for education or race.
Previous studies have shown that when the MMSE is utilized to detect dementia, no differences exist between African Americans and Whites, once age, education, and functional status are taken into account (2) (3) (4) (5) . Our study suggests that once the diagnosis of dementia has been made, neither age nor education influences MMSE scores, although age was associated with worse functional impairment as measured by ADLs and IADLs. Further, our study also suggests that once the diagnosis of dementia is made, MMSE scores are not influenced by race. This finding is discrepant to those recently reported by Welsh et al. (17) , in which it was found that African Americans suffering from AD performed more poorly than Whites on the MMSE, even when age, education, duration, and severity of illness were statistically controlled. Although the reasons for this discrepancy are unknown, Welsh et al. (17) also found that MMSE scores were lower in patients more functionally impaired, when measured with the Blessed Dementia Rating and Clinical Dementia Rating scales. Thus, even though patients' functional abilities were measured utilizing different instruments, the results of Welsh et al. mirror ours and suggest that MMSE scores correlate to functional impairment in the home.
A different relationship was found between race, MMSE, and memory and behavior problems. Lower MMSE scores were associated with greater behavioral problems for White patients only. Given that caregiver report of behavioral problems is more subjective (10) and less clearly linked with stage of dementia (6), this result does not appear to suggest a serious problem in the validity of the MMSE. Previous studies suggesting that African American families appraise caregiving differently than White families (11, 16 ) may account for this finding.
While these results are encouraging for researchers wishing to use the MMSE in White and African American samples of patients with dementia, more objective assessment of patient functional impairment and behavioral problems, e.g., through observationally based measures, would provide greater confidence in the accuracy of measurement of patient M188
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impairments. It is hoped that evidence that the MMSE can be used in an equally valid manner to gauge functional impairment in dementia in White and African American patients will foster more clinical research on the important and neglected topic of AD in minority populations.
